A 38-year-old man with a history of HIV infection virologically suppressed on antiretroviral therapy presents to his gastroenterologist for evaluation of iron deficiency anemia and weight loss. A diagnostic colonoscopy demonstrates a two-centimeter ulcerated mass in the cecum. Biopsies of the lesion return moderately differentiated adenocarcinoma that is wild type for the KRAS mutation by real-time PCR.
It is truly fascinating that we are only 10% human, sorely outnumbered by the intestinal bacteria we harbor within (1) . Our incredibly complex microbiome is functionally an organ unto itself, weighing up to 1 kg and serving as a "virtual bioreactor" that facilitates digestion, nutrient absorption, and the trajectory of our immune system (1) . Intuitively, alterations in the composition of our intestinal symbionts may have as much impact on our health as other major medical interventions.
There has been an explosion of interest in probiotics over the last decade. On the shelves of supermarkets and pharmacies nationwide, this markedly heterogeneous class of medications promises improved colonic health, digestive regularity, and overall well-being. Mechanistically, probiotics are believed to modulate intestinal immune function by increasing secretory IgA, reducing proinflammatory cytokine production, enhancing mucosal barrier function, and reducing bacterial attachment (1). There is mounting evidence to support the use of various probiotics for infectious and Clostridium difficile-associated diarrhea, irritable bowel syndrome, inflammatory bowel disease and post-surgical complications thereof (i.e. pouchitis), and hepatic encephalopathy (1) .
Emerging studies lend credence to the concept that modulation of intestinal flora can provide benefit in HIV infection. Within days following infection, there is a rapid and sustained depletion of gut mucosal CD4 + T cells in HIVpositive individuals (ref. 2 and Figure 1 ). In particular, there is a massacre of gastrointestinal-associated (GI-associated) CD4 + Th17 cells, which differentiate in response to normal bacterial microflora (3). This depletion, combined with local immune activation, is thought to directly contribute to defective mucosal barrier function, increased intestinal permeability, augmented translocation of intestinal microbial products, and to the vulnerability of opportunistic infection (4). Importantly, antiretroviral therapy (ART) does not readily reverse these deficits in the GI mucosa, which can persist despite reconstitution of the peripheral CD4 + repertoire (5) . It has been hypothesized that systemic immune activation may be reduced by enhancing the mucosal barrier, decreasing the degree of translocated microbial products, or both. The latter is being addressed in a clinical investigation of rifaximin in HIV-infected subjects (NCT01466595). Probiotics may have an important adjunctive role in addressing the former (NCT01439841).
Probiotics have been safely administered to subjects with HIV, have alleviated GI symptoms associated with viral replication, have proven active against bacterial vaginosis in HIV-infected women, and have enhanced growth in infants with congenitally acquired infection (6) . However, the effects of probiotics on the mucosal immune environment in HIV-infected patients are currently unknown.
In this issue of the JCI, Klatt et al. demonstrate that the addition of a prebiotic/probiotic mixture to ART enhances mucosal immunity in SIV-infected pigtail macaques by reconstituting GI CD4 + T cells and decreasing inflammation-associated fibrosis in the gut-associated lymphoid tissue (GALT) (7) . The results are intriguing and expand our perspective on the potential impact of probiotics in HIV infection.
But is this reconstitution clinically important? As the case illustrates, many patients infected with HIV are not considered to be at average risk for colorectal cancer. HIV-infected patients have been shown to have a higher prevalence of colon cancer, to develop adenocarcinomas at a younger age, and to develop more aggressive lesions compared with HIVuninfected controls (8) . They also have a predilection toward developing right-sided adenomas that may escape colonoscopic detection and result in delays in diagnosis and care. The increased prevalence of GI cancer in HIV is not limited to the colon; recent data suggest that patients with AIDS are at increased risk for esophageal and gastric carcinoma as well (9) . These features may be due to a lack of appropriate host immune surveillance in the gut, increased intestinal inflammation and reactive oxygen species associated with the immunopathogenic effect of HIV, and/or the presence of certain opportunistic enteropathogens. Despite these findings, national and societal guidelines do not currently recommend earlier or more frequent screening colonoscopies in HIV-infected patients (10) .
One could imagine a scenario whereby reconstitution of the GI CD4 + compartment with probiotics could enhance immune surveillance, promote cancer cell apoptosis, and in some capacity, restore the colonic mucosa to its native pre-HIV state. The authors imply that one of the mechanisms behind GI immune reconstitution with probiotic administration is a reduction in inflammation-associated fibrosis within the lymphoid follicles of the GI tract. Perhaps probiotics also reduce the amount of oxidative stress on the colon in the same manner, a feature of colitis-associated carcinogenesis that may partially explain the increased preva-lence of colon cancer in HIV patients. The use of probiotics may be an inexpensive, noninvasive, and generally well-tolerated adjunctive treatment for HIV, should further research support this indication.
